the substances during the course of culture.
In the presence of penicillin or streptomycin, for example, the growth curves of S. aureus or E. toll show more or less abrupt rise at later stages of culture, and this phenomenon was attributed to the development of resistance owing to the selective growth of drug.resistant cells which had been present, actually or potentially, in the original bacterial population (YA-NAGITA, 1952) . It was shown that some bacterial strain, the population of which was homogeneously composed of cells having the same order of susceptibility to a given substance, did not acquire resistance to it, and therefore, did not show the ascension of growth curves at later stages of culture (YANAGITA, MORIMURA & SASA, 1q52) .
In the present paper, further evidence will be adduced showing that the development of resistance of bacterial culture to some drugs is caused by the selective growth of drug-resistant cells in the bacterial population.
Methods and Materials
The experiments were carried out in vitro using ordinary and penicillin-and furacin.resistant strains of Staphylococcus aureus together with ordinary strains of Escherichia toll and Lactobacillus casei e. Medium used was ordinary nutrient broth, adjusted to pH ?.4, unless otherwise specified.
The susceptibility of a bacterial strain to a given substance was tested by the method of serial dilution assay. 1-C). On testing the streptomycin-susceptibility of the bacteria, it was found that the cells that have grown out later showed more than 100 times as high resistance as the original cells inoculated.
A quite different phenomenon is observed with L, casei which is known to have no ability of developing resistance towards streptomycin. In this case the growth curve showed no upswing at later stages and the inhibition was of typical Type II throughout the whole course of culture ( Fig. 1-D) . Moreover, the bacteria fished out at the stationary phase was found to possess the same susceptibility to the antibiotic-as to the original culture.
The results obtained with penicillin were in essential features the same as above.
Also against this antibiotic, S, aureus can acquire resistance, while L, casei cannot.
Characteristic of the action of penicillin is its lytic effect on various bacteria, including SS aureus and E. coll. An exception is, indeed, L. casei, on which penicillin acts only statically and not lytically. As is shown in Fig By repeating the culture in the media containing increasing concentrations of the drug, we finally obtained a strain whose resistance could not be developed any more by further cultivation in furacin containing media.
When tested with such a strain, the inhibi-tion caused by furacin was of Type II as shown in Fig. 1-F , and the bacteria obtained at later stages of culture showed no increase of resistance against the drug. The observations made above all point to the fact that the rise of growth curves occuring at later stages of culture in the presence of the antibacterial agents studied is caused by the growth of resistant cells.. Further evidence for this conclusion will be afforded by the following experiment.
Development of penicillin-resistant cells during the course of culture! rise of growth curve (curve A) was entirely due to the development of resistant cells.
By subtracting the number of resistant bacteria from that of the total survivors at each stage of culture, we obtain the curve (dotted line) for the bacteria which were sensitive to 0.02 U/mi. of penicillin. Curves C and D represent the growth curves of the bacteria which were resistant to 0.08 and 0.12 U/ml. of penicillin, respectively. These bacteria could be picked up from the culture only at later stages of cultivation. This fact may be interpreted in two ways ; either they had existed from the beginning and escaped our observation owing to their sparse population, or they might have appeared spontaneously during the multiplication of the bacteria resistant to 0.02 U/ml. of penicillin.
An experiment with the same principle as above was performed also with a strain of S, aureus which had been made strongly penicillinresistant by successive cultures in the presence of the antibiotic.
A strain which could grow freely in the presence of 110 U/m1. of penicillin was inoculated in the medium containing 440U/ml., and the fates of, highly resistant and less resistant cells were traced by counting the number of cells growing subsequently on the media containing 0, 440 and 1760 U/ml., respectively, of penicillin.
As may be seen from the curves in Fig. 3 , the results obtained were essentially the same as those of the proceeding experiment. As it was the case with the drugs investigated in the present study, the population There is, however, a certain limit to such a " selection ", and therefore a limit of " aquisition " of resistance towards each drug , at which stage the population will be composed of a clone of most resistant cells. With such a strain there can occur no subsequent rise of growth curve as was shown by the experiment illustrated in Fig. 1 -F.
Summary
(1) When ordinary strains of S. aureus or E, coli were cultured in the presence of penicillin or streptomycin, the growth curve showed a characteristic upswing at later stages of culture. This phenomenon was shown to be due to the development of resistant cells which either had existed sparsely in the original inocula or had spontaneously appeared as a mutant during the growth of less resistant cells. In contrast to the bacteria mentioned above, L. casei produces a population which is quite homogeneous in respect to the resistance of individual cells towards penicillin and streptomycin.
In the culture of this bacterium, there occurred no upswing of growth curve in the presence of said antibiotics.
(2) The rise of growth curve owing to the development of resistant cells was also observed when ordinary strain of S. aureus was cultured in the presence of furacin, a strain was obtained which may be regarded as practically "pure" or homogeneous in respect to the resistance towards the drug. With this strain no ascension of the growth curve occurred at later stages of culture in the presence of furacin.
(3) The possibility of the occurrence of selective growth of spontaneous mutants under the influence of various antibacterial substances was discussed.
